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FOREWORD.  
Tho following uork was carried out at the Chamis try 
Department of the University of Tasmania during 1()46.47. It 
is submitted in the Honours School of Chemistry for 
consideration for the dogree of Uaster of Science. 
The author wishes to express his thanks to 
Mr, G. C. Israel U.Sc., for valuable guidance and suggestions 
during the course of tho Investigation s to Dr. J. B. Polya 
for pure samples of chitosamine hydrochloride and to 
Ur. Maciadhon for photographic reproductions of the graphs 
incorporated in this thesis. 
Some sections of the following work have already 
been published in the Journal of the Chemical Society, under 
the title of the thesis. (3.0.5. 	, VW) 
Ot7EN G. INGLES.  
Hovember 1947. 
INTRODUCTORY.  
An analytical method for the estimation of aldoses 
in solution by a quantitative oxidation to the corresponding 
sldonic acids, using alkaline solutions of iodine as the 
oxidising agent, has been described in a number of papers (1). 
In all cases, it seems to have been assumed that the iodine 
first reacts with the alkali to form hypoiodite, and that 
this latter is the active oxidising agent. No definite 
evidence, however, has been breught forward in support of 
this assumption. At the same time, varying degrees of 
alkalinity and other conditions have been recommended by the 
several authors for carrying out the oxidation. 
Accordingly, the project undertaken was an attempt to 
clarify the position by a study of the mechanism of aldose 
oxidation in alkaline solutions of iodine. In the course of 
the work, however, it became apparent that configurations of 
the sugars exercised -a considerable effect on the rate of 
oxidation, and this effect was also studied. 
These investigations have shown a need for much more 
work in various closely related directions Which promise to 
yield information of value; hence a section has been 
included wherein they are outlined, together with some 
preliminary work in these directions which the author has 
carried out, but which lack of time has forced temporarily 
to be abandoned. 
5. 
MATERIALS.  
Materials used throughout this investigation were all 
B.D.H. Analar reagents with the exception of the sugars and 
sugar derivatives. These were either pure samples supplied 
by B.D.H, or samples prepared and carefully purified in 
these laboratories. All sugars and sugar derivatives were 
checked for purity by moisture determinations, measurement of 
their specific rotations and by other means wherever possible. 
The values observed are as set out in table I below:- 
TABLE I.  
SUGAR 	a20(obs) 	a20 	n20(obs) n20 
&glucose 
d.galactose 
d.xylose 
1-arabinose 
+ 52,70 
+ 78,80 
+ 19,00 
+104.5 
+ 52,70 (1) 
+ 79.25 (2) 
+ 18.80(1)  
+104.5  
. 
1,3367 
. 
1,3366 (21 
d4nannose 
1.rhamnose (hydrate) 
2,3,4,6 tetramethyl glucose 
Glucosamine hydrochlor. 
+ 12,60 
+ 	8,13 
+ 83.4 
+ 72.5 
+ 14,20  
+ 	8,20 (1) 
+ 83.3 	(1) 
+ 72,4 	(1) 
. 	1.534 (2) 
. 	- 
- 	. 
(L) Bates: Polarimetry and Saccharimetry of the Sugars. (2) International Critical Tables. 
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SECTION A.  
Establishment of the active oxidising agent.  
In alkaline solutions of iodine, there will be 
hypoiodous acid and hypoiodite, also iodine and iodate formed 
by the reaction 3K01 	2KI + K103 (Ienssen and LtSwenthal 
(2) ). Iodate is known to be inactive as an oxidising agent 
for aldoses, and hence the effective oxidising agont must 
be either hypoiodous acid or hypoiodite ion. It should be 
possible to determine which of these two is effective in the 
oxidation process by a determination of the rate of aldose.: , 
oxidation at various hydrogen ion concentrations, and by 
comparison of these results with the amounts of hypoiodous 
acid and hypoiodite ion theoretically present in the solutions. 
This is the method which has been adopted here, In order to 
evaluate the concentrations of hypoiodite ion and unionised 
hypoiodous acid present in iodine solutions of various 
hydroxyl ion concentrations, the following proCedure was used. 
Salculation of  1W.S2Lk_grianin Alkaline Iodine Solutions. 
Furth (3) has given a preliminary value of the 
ionisation constant of hypoiodous acid as 10-11 . 
Hence Le] [107] = 10'11 	••••1 [hip] 
Further, the equilibrium constant for the hydrolysis 
of iodine at 250C. is known to be 3 x 1043 (4), i.e. 
[11+j Eri EH1C3  = 3 x 10'13 	....2 
For the reaction between iodine and iodide ion, to form 
triiodide, tho equilibrium constant at 25°C is given by •5) 
7. 
CIO Eri 	= 1,3G x 10-3 	....3 
Ns] 
Pram the values of these three oguilibrium constants and the 
known concentration of total iodine in any given reaction 
mixture, it is possible to calculate the concentrations of 
hypoiodous acid and of hypoiodito ion as follows:- In all 
subsequent exporiments, the total iodino concentration was 
4.0 x 10 	per litre and this value is now used in the 
calculations. In contact with hydroxyl ions and iodido ions, 
some of this iodine present is converted to hypoiodous aoid, 
hypoiodito ion and tri-iodide ion. Iodate is not present 
initially since it is formed from hypoiodite. Thus 
[10 	[H1C4 + [10'1 + Li J . 4,0 x 10 3 ..4 
As a first approximntion, the concentration of iodido ion 
may bo taken as equal to the amount of iodide added, L.°. in 
this case, Er.] = 1,G x 104 . Thus for any givon 
L12:1 concentration of hydrogon ion a value of 	is  DUO] 	Cbmckl. , 
obtained fran eqn. 1, and of 	frau egu, 2, and of [I2] EI3 -] 
from min. 3. By substituting those values in 4, 
values of N] and [4 1 are obtained as a first approximatioa. 
Prma this value of Li373 a more accurate value of [17] may 
be obtained and the wholo calculation is thon.ropeatod. 
Successive approximations can be made in this manner until 
the values for [17] Liqand LIO'] bocomo constant. The 
appropriate valuos, for each pH, calculated in this mannor, 
aro as shown in table II. 
PR 
9,00 
9.40 
10,00 
10.40 
10.80 
11.00 
11.20 
11,30 
11.40 
11.50 
11,60 
11.80 
12.00 
12.40 
13,00 
13.40 
14.00 
• 
9.6 	x 10 446 
2.40 x 10 445 
9,38 x10 .5 
2,20 x 10 44 
4,47 x 10m4 
D.83 x 10.4 
6.80 x 10 .44 
6.97 x 10 444 
44 6;93 x 10 
6.66 x 1044 
6.15 x 10 44 
4,78 x 10 444 
3.43 x 10.4 
1.52 x 10 ..4  • 
3.95 x 10 -5 
1.59 x 10 _ 
3.09 x 10 446 
' 
9,6 	x 10 4.9 
0,60 
0.38 x 10 4.6 
0.55 x 10 44 
2.82 x 10.4 
5,83 x 10 444  
1.08 x 10 4.3 
1.39 x 104.3 
1.73 x 10 .3 
2,10 x 10.3 
2.45 x 10 4.3 
3.02 x 101.3 
3.43 x 10-3 
3.80 x 10-3 
3.95 k 10643 
3,98 x 10°43 
3.99 x 10443 
) 
.r 
Although the preceding table gives the concentrations 
.of hypoiodite and unionised hypoiodous acid in solutions 
of different alkalinities, it must be remembered that 
during the course of oxidation of a sugar by alkaline 
iodine solutions, iodate will bo foraod from the 
hypoiodite present: hence the values of table II show 
concentrations at the initial moment of reaction onlY. 
• 	 9. 
However, the formation of iodate from hypoiodite (by the 
reaction, 3I0 - 	+ 21 1. ) will not affect the titre 
of total iodine by whidh the reaction is followed, since 
on acidification as much iodine is obtained from the iodate 
formed as would have been obtained from the hypoiodite 
consumed. Iodate moreover, will not affect the oxidation 
rates of the sugars, since it is inactive as an oxidising 
agent for the aldoses. 
DETERMINATION OF REACTION vELoan., 
The velocity of oxidation of glucose by alkaline 
solutions of iodine was investigated by the following 
method. 3% solutions of each aldose or aldose derivative, 
an 1940 solution of iodine in LIAO potassium iodide and 
a buffer solution were immersed in a constant temperature 
bath (15.00 + 0.05°C) for at least one half-hour, so that 
they might reach the required temperature of 25 0C. 
250 ml, conical flasks were immersed in the bath as 
reaction vessels, and into these were pipetted in order 
25 mls of the buffer solution, 1.25 mls, of the sugar 
solution, and finally 5 mls. of the 1940 iodine solution, 
the flask being swirled after each addition to ensure 
proper mixing. 
The draining time of the 5ml. pipette used for 
adding the iodine solution was found to be 4 seconds, 
and hence the time for the commencement of the 
reaction was taken as 2 seconds after the initial addition 
of iodine. After the required interval of time had 
elapsed, the reaction was stopped by addition of 50 mls. 
10. 
of cold 3% sulphuric acid. The iodine liberated was 
titrated Immediately against N1100 (or, in some oases, 
against /50) sodium thiosulphate # using a raicroburette, 
the titration being carried out with a stream of carbon 
dioxide bubbling through the solution. 
This procedure permitted accurate determinations 
of the amounts of unused iodine in the reaction mixture 
as ear17 as 4 seconds after the commencement of the 
reaction. 
However, care must be exeroised Lathe choice of 
buffer solutions in which to carry out the reaction. 
Those used are listed below in table III. 
11. 
TABLE III. 
PA 
10,17 50 ml 
Composition of Buffer 
up to 100 ml 
Reference 
0,1 N[Na2CO5 + 	20 ml. 0.1 NHC1 made 6 
10.35 15 6 
10.55 10 11 6 
10,86 5 6 
11.00 25 ml 0.1 N Na21IPO4 + 4,13 ml. 0,1 N NaOH made up to 50 ml. 7 
11.20 6.00 II ft 7 
11,40 n 0 	8.67 0 • 0 7 
11,60 0 0 	12.25 n n 7 
11.80 0 n 16.65 it it 7 
12.00 21.60 to it 7 
12.50 0.05 N 	EAOH 
12.80 0,10 N 	NaOH 
13.10 0.20 N NaOH 
13.45 0,50 N 	 NaOH' 
Since these buffers were used at a temperature (25 0C) often differing slightly from 
that specified, and in view of possible inaccuracies entailed in the fine measurement of volumes 
12. 
required for making up small quantities of the buffers, the 
pH of each solution (up to pH 12.00) was measured by means 
of a Coleman On.meter (glass eloctrode) standardised against 
the standard buffer proposed by Bates, Hamer, Manov and 
Acres (8), the pH. of which is 11.68 at 25°C. The use of 
sodium hydroxide alone as the buffer substance for the PH 
range 12.20 . 13.50 is justified since in such reaction 
mixtures there is a sufficiently large excess of sodium 
hydroxide for the pH to romain almost unchanged during the 
reaction. The pH values of sudh solutions were calculated 
from the concentrations of sodium hydroxide, using the 
values of the activity coefficients given by MacInnes (D). 
A number of high pa buffers are unsatisfactory for 
this work since they lead to formation of 1:2 addition 
products with glucose; the significance of this addition 
will be discussed later. Suoh buffers are those containing 
boric acid or borates (formation of 1:2.a.d.g1ucose 
pyroborate (10) ) and carbonate buffers under certain 
conditions (formation of 112.a.d.glucose carbonate (11)). 
Caibonate buffers containing hydrochloric acid, however, are 
suitable for the work since ionisation of the carbonic 
acid is repressed by the presence of hydrochloric acid, and 
the effect of 1:2 addition is avoided. Buffers containing 
glycine or amino.acids are also objectionable due to the 
formation of condensation products with the sugar. 
13. 
EXPERIDEUTAL nEsulTs.  
The experimental results are shourn graphically in 
figs. I.IIT. The plot is of thiosulphate titres against time. 
The time of quarter change (14) could be read from the graphs 
with a possible error of + sec. All results are for the 
- oxidation of glucose, the value at pH 9,93 being doubtful, 
since the buffer used for this one pH contained some glycino, 
which may be objectionable. Table IV summarises the results:- 
TABLE IV.  
PE 	9.90 10.20 10.60 10.85 10.95 11.15 11.35 
tik(soc) 	70 13 	6.5 5 	4,5 4 	3.5 
_ - 1 • Ak(minel) 0.86 4.6 9.24 12.0 13.4 15.0 17.2 
11.55 11.75 11.95 12.50 12.80 13.10 13.45 • 
tf (sec) 	3.75 4,5 5.5 14.5 32 	64 	92 
1/1 	16.0 13.4 10.8 4.15 1.88 0.94 0.65 
14 . 
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It will be shom presently that the oxidation reaction 
is bimolecular; and for a bimolecular reaction the velocity 
or reaction varies inversely as the time taken for any 
given fraction of the reactants to undergo change. As the 
initial concentration of glucose is the same in each case, 
then the time of quarter change, 4, will vary inversely as 
the concentration of the active oxidising agent. In 
figure V the values of 1/4 Fran table IV (indicated by 
points o), are plotted against pH. Agreement with the 
theoretically calculated curve for EHI6.3 (the rull line in 
fig. V) is very close, with the exception of tao points near 
pH 11.6, where however, an error of k second in -measurement 
of the time of quarter change would be sufficient to 
account for the slight divergence. As previously remarked, 
this is within the experimental error. Again as previously 
noted, the value at pa 9,96 is doubtful, since this buffer 
contained glycine. The marked dissimilarity of the 
experimental results to the calculated concontrations of 
hypoiodite ions together with the marked similarity to the 
curve calculated for unionised hypeiodous acid, affords 
strong evidence that the active oxidising agent is, in 
fact, unionised hypoiodous acid. The pH value for opttumn 
reaction velocity is seen to be near 11,35. 
Further evidence that the reaction is non.ionie was 
provided by the addition of varying amounts of sodium 
chloride to the reaction. mixture. Ho appreciable salt 
effect was detected and the reaction rate remained unchanged. 
& 
so 
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ORDER OF REACTION.  
The order of the reaction was established by carrying oui 
the oxidation using a glucose solution of strength M/10, so 
that the initial concentrations of glucose and iodine in the 
reaction mixture are identical. The pH of the buffer was 
11.15. There are two reactions occurring simultaneously 
in the solution, viz; 
3H10 	E103 + 2HI 	1 
and 	06111206 + RIO 	C614207 + HI 
Reaction 3. has been investigated by several workers (32) 
who agree that the reaction is of second order. Hence if 
reaction 2 is also of second order, a Wegscheider test 
should show constancy. 
In the experiment performed to test this, the 
oxidation was carried out as described before, and iodate 
MS determined by stopping the reaction by the addition of 
excess 5% phenol, which removes hypoiodite and, in the 
presence of free alkali, free iodine and triiodida also. 
Acidification of the solution then liberates iodine 
corresponding to the amount of iodate present. This was 
titrated with thiosulphate as before. Pig. V/ shows graph.. 
ically the amounts of iodate formed, and of sugar 
oxidised, against time. The graph shows that, in the 
initial stages of the reaction (for the first 6 seconds) the 
amounts of the two products fonned are virtually identical 
and the Wegesdheider test must apply, as in fact it does, 
Table V shows the results of application of this test. 
Beyond six seconds, the constancy no longer holds, and 
apparently the order of reaction has changed. 
o 
cer 0 gg• 
033•0 gg° a 
028'0 a ea 
A88'0 302 
988.0 aele 
\ 
or•o 
Taro 49. g , 
	
p•o 	r 
a;-0 ttsg 
eteP or9 
J \ ecalfro',:Nerie, 
Otte° ge•z\,, 
\\ 
812.0 inee 
6U.° 08.ktYr 
122- 0 lip k• n' 
MVO 00.tt 
-• 
(wet 1 , 
63'0 
	
2e.8 	98.0t 
9210 
	
89.8 	L8.tA 	081 
era ger. 	001 
e•o 	09'8 	09,1A 	09 
98C*0 
	
89•3 09 
It.0 
	
99.8 	oo'h 	29 
8V*0 
	
ewe 	99'9 
	
09 
Cf? 0 
	
sea 	oL•9 	Ot 
9.V.0 
	
giez 	ea*9 	02 
09'0 
	
89'8 	Virg 
	
03 
t9.0 
	
09.8 	09.' 	
21 
V9.0 
	
98.8 	09 C 
	
301 
04.0 
	
08.8 	EAM 
	
Z6 
It) , 660 
	
29*I 
:4 
: on*/ 
	
og•T 	09't 
8 mit 
	tia°1 
het 
o•t 
	°•I 	°et 
oo•o 	O0 •O 
	
o 
st. 
4:4 
0 
torli 
MI 
,  Los.TRso 	-sox 
„?ox 
1103TH93 	(*woes) 
()MI 
'A Man 
./at 
"1
-
  
18. 
If, however, the ratios obtained in this test be 
divided by 01 	there a is the initial concentration of 
iodine, and x the amount changed by the trio reactions at 
time t s* then good constancy is seen to be obtained 
beyond a reaction time of 30 seconds. This suggests that 
the rate of reaction in the second stage conforms fairly 
^ 
closely to an order of 1,5, since for such a reaction, the 
ratio 
C1034.1 	ki(a x 	where ki and k2 are the . [44207] 	k2 
specific rate constants for the formation of iodate and 
sugar oxidation product respectively. 
These results therefore, show that the reaction 
occurs in two stages, namely:- 
(a) a rapid bimolecular, second order reaction, (b) a slower reaction of order about 1.5. 
If, as Isbell (15) reports, the .forms of the aldoses 
oxidise much more rapidly than the a., it is to be expected 
that either 1) the initial rapid oxidation represents that 
of the p.form, 
putzem and the final slower oxidation that of the a.form, 
or 2) the final slower oxidation might measure the rate of 
mutarotation a4p (as the slowest stage) followed 1mmediatel7 
by the rapid oxidation of the P.sugar formed. If 1) 
be the case then it seems reasonable to assume that the 
......... 
The use of the initial concentration of iodine in place of that of hypoiodous acid is justified since the equilibrium 
12 + 	I + I0' + H20 (Lonssen and Lguenthal) 
is established very rapidly, and removal of hypoiodite is 
immediately compensated by its further formation from 
iodine and hydroxyl ions. 
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OXIDATION PRODUCTS.  
The oxidation of glucose by alkaline solutions of 
iodino has variously been stated to lead to gluconic acid 
(as the sodium salt) and even beyond this stage. Isbell (1(3) 
has shown that bromine oxidation leads directly to a 
5.1u:tone. The actual oxidation product formed in the 
reaction bore investigated has not been isolated; indeed, 
if a S -lactome is formed this would prove difficult to 
isolate and identify working solely under the present 
oxidation conditions, Houover, an approach to the problem 
was made by attempting the oxidation of a) gluconio acid 
end b) mannitol by the previous methods. No oxidation 
whatsoever was observed in either case, and hence a ..CH2OR 
grouping is not attackod by alkaline iodine oxidation (as 
shown by the failure further to oxidise mannitol) and 
similarly a -cpos grouping is unattacked as shown by the 
failure to oxidiso further gluconic acid. This suggests that 
the final product of the alkaline iodine oxidation of glucose 
is either gluconic acid or a lactpne thereof. Attempts 
have been made to detect whether a S "acetone is formed by 
the iodine oxidation of glucose, as is the case with the 
bromine oxidation (Isbell), Time has not permitted this 0 work to be carried to completion, although some proliminary 
work has been done, and is outlined in a later section. 
If a S ..lactone is formed as the primary oxidation 
product, then in alkaline solution it will be saponified 
rapidly to the sodium salt of the sugar acid. Thus the 
reaction, when glucose is oxidised by alkaline solutions 
of iodine maybe written 
21. 
OH 
H 	C 	OH — — 
0 	+ OH—C— H RIO 
H C — OH 
I H—C 	 
0 
H C — OH 
H---C --OH I 	• 
kl2OH 
O ONa 
H C— OH 
+ HI + H20—> OH—C—H + HI. 
H — C — OH 
H C— OH 
kl2OH 
/*eve good evidence has been shown by the foregoing work for the 
initial and final substances partaking in the reaction; but whom a possible' 
\I intermediate stage (as indicated by the query) has yet to be proven or 
disproven. It must be remembered however, that the evidence adduced here for 
the final oxidation product is of a negative kind, although positive evidence 
may be obtained readily as outlined in section C. 
22. 
SECTION B. 
The oxidation of various aldohexoses and aldopentoses 1 and 
their derivatives.  
The alkaline iodine method of sugar oxidation was 
extended to various other alddhexoses and aldopentoses. The 
method of oxidation used was similar in all respects to 
that previously described. Experimental results are 
tabulated in Table VI. 
TABLE VI 
Times of quarter.change o ti,in seconds, 
PH 	Mannose Rhamnose Galactose Arabinose Xylose 2,3,4,6, 
Tetra. 
methyl 
Glucose 
10715 	. 
10,35 	. 
10.55 	. 
10.60 	28 
10.85 	. 
10.90 	. 
10495 	. 
11.00 	18,5 
11.25 	14.25 
11.30 	. 
11735 	. 
11440 	. 
11445 	14,25 
11450 	. 
11455 	. 
11.6517 
11.70 	. 
11.80 	..r-. 
11485 	23.5 
12700 	. 
12.80 	175 	. 
13.10 	. 
. 
24 . 
. 
17 - . 
air 
12,5 . . . 
. . . . . 
25 
147 . 
. 
•- - . 
4.25 . . 
3.25 
, 	. 
'7.• 
2.5 . . --.. 
2,75 . 	• . 
. . - 
16:25.. 
31.5 
. 
■ 
4.25 
■ 
3•75 . 
2.5 . 
. . 	. 
2.5 . . 
3 
• . - . 
16.9 29,5 
51 
6,75 
4475 4.5 
. .4. 
3.25 . . 
_... 
3.25 . . 
': 3.75 . . 
._. 
28.0. 
55 
. 	.. 
8.75 
7 -- . . . 
4.25 
. 
.... 
3.50 
10 . . 
4.5 .._. 
5.75 
41 
These results are shown graphically in figs VII, VIII, 
IX, Again, in each case, very close similarity to the 
10 24 2•7 
, ntosE 0 
2,3,4,6 7irni4ettlf 61-IKOSE X 
4: g 
,. 
r , 
- 
- 	• 	r 
:! 
-t- - 
. 1 	4 
4.•}4. 4145444 • 	• • 
1 3•00 'axe 
ler 
Fa. telt 
o0.1% 
	 GALACGSe 0 
fTRABintosE X 
. c1 0 	 1040 
' 
11.00 11.00 
FrC 
i 
, 
F7c • ..72g: 
theoretical curve for unionised hypoiodous acid is 
observed, which shows this to be the active oxidising 
agent in all cases. However, it is also apparent that some 
sugars oxidise much more rapidly than others. These rates 
of oxidation can be compared an the basis of glucose = 1,00 
by comparing the factors by Which the reciprocals of the 
times of quarter change ( in minutes) must be multiplied, 
if the plots of la against 1/4 are to be identical for 
each sugar. This method of comparison largely eliminates 
any possible experimental error which might be involved 
in the comparison of times of quarter change at individual 
pH values, should these alone be used. Table VII shows 
the factors which were required to make the oxidation 
curves for the various sugars coincide, together with a 
comparison of the relative rates of oxidation based on 
glucose = 1,00. Myrback (17) has also reported relative 
rates of oxidation of various sugars in this reaction, and 
the values which be records are listed for comparison. There 
is a very good agreement between the results obtained In 
this investigation and those of Myrbach, in view of the 
method by which Wrack derived his values, a method which 
could not be susceptible to as high a degree of accuracy 
as that obtained in this investigation. 
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TABLE VIII.  
Factor, Relative Rate Relative Rate (L7yrbfick) 
1.00 1,00 1.00 
0,97 1,02 1,03 
1,00 1,00 
0,735 1,36 1,30 
0,735 1,36 1.22 
4,2 0,24 0,24 
3,8 0,26 0,28 
ON 0,70 
el 0.24 
Sugar. 
d.w0lucose 
d...Xylose 
.2,3,4,6 Tetramethyl Glucose 
1.Arabinose 
daZalactose 
deaannose 
1..Rhamnose 
d..Ribose 
d-Lyxose 
It is apparent that the sugars can be classified in 
groups according to their reaction rates, each group 
having a characteristic rate of oxidation. Thus d..glucose„ 
d...aylose, and 2,3,4„6-tetramethyl glucose form one group; 
1...arabinose and drigalactose another; and d.mannose and 
1..rhamnese a third. This suggests that the configuration . 
of the sugars may have an effect upon their rate of 
oxidation. It has been shown by Isbell (UB) and by Isbell 
and Pisman (13) that in the bromine oxidation of the sugars, 
p.forms are oxidised much more rapidly than a forms (varying 
between 10 and 50 times as fast), If this also applies 
for iodine oxidation it has not yet been investigated 
then it is significant that those sugars which oxidise most 
rapidly. also contain, in equilibrium solutionl the highest 
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percentages of the p..form. Isbell (13) records these 
percentages as 
(Expressed 	as 	PercentaRes.) 
a-form .form Relative Rate 
d.glucose 37J4 62,6 1,00 
d.mannose 68,9 31.1 0-i24 
d-galactose 31-,4 68.6 1-06 
1-arabinose 32-.4 67.6 1-06 
daxylose 32,1 67.9 1.02 
1.4ihannose 69,0 31.0 0,26 
However, even if this does apply, there is insufficient 
difference between the amounts of p-daxylose and P.d.galactose 
in the equilibrium solution to account for the relatively 
large difference in their oxidation rates. 
This suggests that other structural influences are to 
be sought, probably in conjunction with the above mentioned 
a. and p.configurations. More sugars must be investigated 
before any inferences can be drawn in the matters however, 
it appears from the results so far Obtained that in alkaline 
solutions of iodine, 
1. Similar configurations on carbon atoms 2,3,4 simultaneousll 
give rise to the same rate of oxidation of a auger. 
2. Replacement of .aa2aa in a hexose by 411 or by a0H3 has 
little or no influence on the rate of oxidation, 
3. Methylation of the hydroxyl groups on carbon atoms 
2,30 4 and 6 has no effect on the rate of oxidation of 
glucose. 
APPLICATION of OXIDATION RATES to STRUCTURAL INVESTIGATION.  
When the effect of sugar configuration on the rate 
of oxidation by alkaline iodine solutions has been 
investigated fully, it should be possible to obtain 
evidence as to the configuration of any sugar or sugar 
derivative by a determination of its rate of oxidation, A 
2G. 
sample of chitosamine hydrochloride prepared fran the 
carapace of Jasus Iolanda was submitted to oxidation by the 
previous methods, and its rate of oxidation was found to be 
identical with those of galactose and arabinose as shown in 
table IX. 
TABLE IX.  
-$,`• 	ti (secs.) 
Glucosamine hydrochlor. Galactose Arabinose 
-^ 
10,55 4,25 4,25 4,25 
10.95 3,25 3,25 
12.80 15.0 16.25 16 • 0 
This is peculiar, since polarimetry of the chitosamine 
hydrochloride shows it to be identical with glucosamine 
hydrochloride, as also do its other properties. 
( e.g0 melting point, solubility, etc.) 
This being so, it was to be expected that the oxidation 
rate would conform to that for glucose. Possibly the 
agreement of the oxidation rate with that for galactose may 
be due to the presence of a furanose ring in the 
chitosamine hydrochloride; Ilyrback (19) however, states 
that alkaline iodine oxidation of glucosamine results in 
a splitting of the molecule, and this may be significant. 
Clearly, more work an the relationship between sugar 
configuration and the rate of iodine oxidation is needod. 
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SECTION C.  
FURTHER AVENUES of INVESTIGATION.  
In view of the results obtained from the work 
detailed in sections A and Bo it appears that further work 
in various directions is highly desirable, and may yield 
results Of interest. The lines along which further work 
might be .carried out are summarised, as follows:. 
1, The oxidation rates of more sugars and sugar derivatives 
should be determined, in order to clarify the effects 
of configuration on the rate of oxidation. In 
particular, determinatien Of oxidation rates for the 
following are highly desirable: (a) a. and P.d.glucose 
separately, (b) the d. and 1. forms of a sugar, (c) an 
alddhydo sugar,  (d) talose or ribose, (e) glucosone. 
The significance of these particular sugars can be 
seen by an examination of their accepted structures, 
2. Investigation of the primary oxidation product of the 
reaction, which may be a S .lactone. Some preliminary 
work has been done in this direction by the author, 
as follows:- A solution of hypoiodaus acid was 
prepared by the method of Hoene (20), *hose method is, 
briefly:. Iodine, dissolved in 95% alcohol, is then 
shaken with mercuric oxide to remove any iodine which 
has not been converted to hypoiodous acid. The 
solution is then rapidly filtered through a layer of 
mercuric oxide supported on asbestos. An alcoholic solu. 
tion of hypoiodaus acid is obtained in this manner, but 
must be used immediately to forestall decomposition, 
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2. continued. 
This bwpoiodous acid solution vas reacted vith a 
glucose solution buffered by moans of a suspension of 
barium carbonate through which was bubbled carbon 
dioxide. This buffer maintains a pH of 6,4. After 
from 5 to 10 minutes any excess iodine was removed by 
shaking with phellandrene, Which simultaneously floats 
off the barium carbonate (a method developod by Polya 
and Ingles (M)), Hydrogen iodide formod in the 
oxidation reaction can be removed by shaking with 
mercuric oxide, and filtering off the precipitated 
mercuric iodide. The pH of the resulting solution was 
followed over a period of time by moans of a Coleman pH 
motors and observed to fall steadily and progressively 
from a pH of approximately 6,1 shortly after the 
reaction had been stopped, to a pH of approximatoly 
2,8 some two hours later. This suggests strongly 
that a 5 -lactone has been formed and is plowly being 
hydrolysed. Time has not permitted this work to bo 
put on a quantitative and exact 'basis, but results 
above suggest that When this is done, the primary 
oxidation product maybe shown in this manner to be a 
3.1actone. 
3. Some early work vas performed using a largo excess of 
iodine in the oxidation, so that the reaction became 
one of the first order. The buffer usod contained 
glyeine, which, as it was later realised, interferes 
with tho reaction by formation of a condensation 
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product with the aldose. However, the oxidation did 
occur under these conditions and the rate of oxidation 
continually increased fraa pH 9 to pH 12,8, following 
a curve of similar type to that theoretically calculated 
for hypoiodito ion, although shoving an arrest between 
pH 10,0 to pH 11.5. These preliminary observations 
might be further pursued. 
4. There is an apparent need for a new determination of 
the ionisation constant of hypoiodaus acid. 
(H+) Ci0-3  
CHIC 
As previously mentioned, ka has been given . by Mirth 
as 104.11; more recently however, Skrabal (02) has 
reported a value of 4,5 x 10' 1'13. If, in the previous 
calculations, Skrabal!s value were to be used, then 
the curve of unionised hypoiodoas acid would have a 
• very similar shape to that in fig. V, but the maxima 
point would be transferred to pH 12,00. As there 
seems no doubt as to the active oxidising agent in the 
alkaline iodine oxidation of the sugars (witness 
the entire dissimilarity to the curve for hypolodito 
ion, which is only very slightly affected by the 
use of Skraballs value in the calculations, and is not 
affected in shape), then doubt must be cast on Skraballs 
value, since the observed waxtmwa oxidation rate is 
between pH 11,30 and pH 11.40. On this basis, 1-firth's 
value, which gives a maxim= at pH 11.30 cannot be 
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greatly in error. It should be noted that both girth 
and Skrabal used a colortmetrie methods which can 
hardly be expected to yield results of a high order 
of accuracy,and hence an independent determination of 
this ionisation constant by a different method is 
highly desirable. 
5, A positive proof that the final oxidation product of 
alkaline iodine oxidation of glucose is gluconic acid 
should be obtained readily by carrying out the oxidation 
with excess iodine in alkaline solution, followed by 
removal of the iodine and determination of the specific 
rotation of the resulting solution. This would permit 
detection and estimation of the gluconic acid (as 
previous evidence suggests it is) formed. Time has 
not yet allowed this test to be performed. 
6. A precise investigation into full extent of the 
depression of the oxidation rate by carbonates and 
borates should give information of interest with 
bearing upon the relationship between sugar 
• configuration and rate of oxidation, This is 
especially so in the case of mannose and talose, Where 
it is predicted by the author that an elevation of the 
rate will be observed. 
SUMMARY.  
The oxidation of glucose (nld other aldose sugars) 
by alkaline solutions of iodine, has boon shown to 
occur by the following mechanism:.. 
06111206 + 1110 —*C6111207 + HI (second order) 
The reaction is shown to occur in two stages: 
1) a rapid initial oxidation, and 2) a subsequent slower 
oxidation. This is discussed. Optima conditions for 
the reaction are stated. 
Difforent rates of oxidation have been observed 
for various aldopentoses, aldohexeses, and their 
derivatives, and these may bear a close connection with 
the configurations of the respective sugars. 
Preliminary indications have been obtained 
that the primary oxidation product.is a S .lactone. 
Suggostions are mado for furthor work in this 
field. 
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